Background: The adipocyte products, leptin and tumour necrosis factor (TNF)a, are associated with atherosclerotic diseases and may be factors contributing to the enhanced cardiovascular risk in hypopituitary patients with growth hormone (GH) deficiency. Objective: To investigate whether leptin and TNFa are increased in a group of hypopituitary women previously found to have increased cardiovascular morbidity, and to compare them with matched individuals of the same sex and age and with similar body composition. Design and Patients: Thirty-three GH-deficient women with a median age of 64 years (range 39-77 years) were investigated cross-sectionally. The patients were compared with 33 controls matched for sex, age, smoking habits, educational level and residence. Methods: Body composition was measured by bioimpedance analysis. Fasting concentrations of leptin, TNFa and insulin were analysed in patients and controls. Results: There was no significant difference in body mass index or fat mass between patients and controls (both P $ 0:4). Serum leptin did not differ significantly between patients and controls. However, when serum leptin concentrations were expressed per kilogram fat mass, the patients had significantly greater concentrations ðP ¼ 0:01Þ. Serum TNFa and TNFa per kilogram fat mass were also significantly greater in the patients (both P ¼ 0:001). In contrast, serum insulin did not differ significantly between patients and controls. In the patients, serum leptin concentrations correlated positively with kilogram fat mass (r ¼ 0:54, P ¼ 0:002). Leptin concentration per kilogram fat mass was positively correlated with insulin (r ¼ 0:40, P ¼ 0:03). Conclusions: In contrast to serum concentrations of TNFa, serum leptin did not differ from that in controls, implying that leptin is not a major contributor to the previously found increase in cardiovascular morbidity in the hypopituitary women investigated. However, the patients had increased leptin concentrations per unit fat mass, indicating an altered adipocyte secretory function in this group.
Introduction
Adult hypopituitary patients with growth hormone deficiency (GHD) exhibit abnormal body composition, with increased central fat mass (1, 2) . As abdominal adiposity is a risk factor for cardiovascular disease (3), this could contribute to the enhanced cardiovascular mortality and morbidity observed in hypopituitary patients with untreated GHD (4 -6) . Leptin circulates in correlation to adiposity (7, 8) and is secreted predominantly from subcutaneous fat, but also from visceral fat (9) . It was recently indicated that leptin is correlated with cardiovascular diseases (10) and therefore could be a mediating factor for the increased cardiovascular risk in GH-deficient patients. Several studies have in fact shown increased circulating leptin concentrations in GH-deficient patients compared with healthy individuals (11) (12) (13) (14) . In some of these previous investigations, patients and controls differed in body fat mass (12) , or no matching for body mass index (BMI) or fat mass had been performed (13, 14) , making conclusions hazardous. Thus it is still not established whether GHD is associated with changes in leptin concentrations or whether the increased concentrations found in some studies are simply a result of differences in body fat mass. Furthermore, it is essential that women and men are investigated separately, because of sex-related differences in leptin concentrations (15, 16) , and this has not always been the case (13, 14) . In addition, other factors such as circulating insulin (17, 18) and oestradiol (19) could also influence leptin concentrations, and these factors might be altered in GHD.
Tumour necrosis factor (TNF) a is another product of adipocytes (20) , and serum concentrations of TNFa are increased in obese individuals (21) . It has been suggested that TNFa has a role in the development of insulin resistance (22) , and a relationship between concentrations of TNFa and cardiovascular diseases has been shown (23) . TNFa might therefore also be of relevance for patients with GHD, in view of their altered body composition and increased cardiovascular morbidity. A previous study has, indeed, demonstrated increased concentrations of TNFa in patients with GHD, although no matching of body composition was made in that study (24) .
The aim of the present study was to clarify whether the adipocyte products, leptin and TNFa are increased in patients with GHD compared with controls with similar fat mass. We therefore assessed leptin and TNFa in a group of hypopituitary women with untreated GHD, who had previously been reported to exhibit increased cardiovascular morbidity (6) . We also related leptin and TNFa concentrations to insulin-like growth factor (IGF)-I, insulin and oestradiol concentrations.
Material and methods

Patients and controls
The group of GH-deficient patients consisted of 33 women aged 39 -77 years (median 64 years) and with hypopituitarism for 6 -46 years (median 18 years). Their diagnoses are shown in Table 1 . Twentyfive of the patients had received postoperative cranial radiotherapy (median dose 40 Gy) at least 5 years before the study. Twenty-five of the patients were adrenocorticotrophic hormone and thyroid-stimulating hormone deficient and were treated with glucocorticoids (cortisone acetate 25 -37.5 mg/day) and thyroid hormones (levothyroxine 0.075 -0.25 mg/day) respectively. Treatment with an antidiuretic hormone analogue (desmopressin 0.1 mg/day nasally, or 0.1 -0.4 mg/day orally) was given to five patients with diabetes insipidus. Five patients with hyperprolactinaemia were treated with dopamine agonists (bromocriptine or quinagolide hydrochloride). None of the patients had previously been treated with GH.
The patients were compared with 33 controls of the same sex, age, smoking habits (life-long non-smokers, ex-smokers and present smokers) and educational level (6 -9 years of elementary school, high school and university education). The controls were randomly selected from a computerised register comprising the population in the catchment area for the patients (Southern Swedish Medical Region). The 33 patients and controls investigated in this study have previously been studied with respect to differences in incidence of cardiovascular morbidity and prevalence of cardiovascular risk factors; further details of the matching procedure have been presented previously (6) .
Serum concentrations of IGF-I and oestradiol in patients and controls are shown in Table 2 . Twentynine of the patients had subnormal serum IGF-I concentrations; the other four had normal concentrations, but had previously been found to be GH deficient as assessed by an insulin tolerance test (peak GH response ,9 mIU/l). At the time of the present investigation, two of the patients and six of the controls had normal menses and all gonadotropin-insufficient patients aged 50 years or younger were given sex hormone replacement (conjugated oestrogen plus medroxyprogesterone, oestradiol plus norethisterone acetate, or oestradiol plus levonorgestrel). None of the controls had premature menopause (median age 50 years; range 45 -56 years). Six of the patients were treated with sex hormones after the age of 50 years and five control individuals had postmenopausal treatment (oestradiol plus norethisterone acetate or conjugated oestrogen plus medroxyprogesterone). All patients and controls had normal serum creatinine concentrations. Liver enzymes were also in the normal reference range, except in one patient who had slightly increased concentrations.
Body composition
Body weight was measured after a 12-h fast and body height was measured barefoot. BMI was calculated as kg/m 2 . Waist circumference was measured with a soft tape at the level of the umbilicus with the individual in the standing position and hip circumference was measured over the greater trochanters, enabling calculation of the waist:hip ratio (WHR). Body composition was measured with the individual in the supine position, by bioelectric impedance analysis using the BIA 101-S technique (RJL-Systems, Detroit, MI, USA). A 50 KHz, 800 mA current was applied.
Biochemical assays
Blood samples were drawn in the morning after a 12-h fast and before administration of medication. Serum IGF-I was measured by radioimmunoassay after acidethanol extraction and cryoprecipitation. Truncated IGF-I was used as radioligand to minimize interaction of IGF binding proteins (25) . The intra-and interassay coefficients of variation (CVs) were 4% and 11% respectively. A reference range for serum IGF-I for patients older than 70 years was obtained from a populationbased study of individuals aged 80 years (26) . All seven patients aged 71 -77 years had serum IGF-I (27) , with intra-and interassay CVs of 7.1% or less. Serum oestradiol was analysed by a radioimmunological method (Diagnostic Products, Los Angeles, CA, USA), and the intra-and interassay CVs were 15% or less, with a limit of detection of 70 pmol/l. Serum leptin was analysed with a double-antibody radioimmunoassay using rabbit antihuman leptin antibodies, 125 I-labelled human leptin as tracer, and human leptin as standard (Linco Res., St Charles, MO, USA) as previously described (28) . The interassay CV was 7%. Serum TNFa was measured by a sandwich enzyme immunoassay technique using a monoclonal antibody specific for TNFa (Quantikine, R&D Systems, Minneapolis, MN, USA). The interassay CV was 5%.
Statistical analysis
Data are presented as the median and range. Patients and controls were compared with the Wilcoxon matched pair, signed rank test. Univariate correlation was assessed using Spearman's rank order correlation test. The level of significance was set at P , 0:05.
Results
Body weight, BMI, fat mass and waist circumference were similar in patients and controls (all P $ 0:4), however the WHR was greater in the patients ðP ¼ 0:01Þ (Table 2 ). Serum leptin concentration did not differ significantly between patients and controls (Table 3) . However, when leptin concentration was expressed per kilogram fat mass, the patients had significantly greater values ðP ¼ 0:01Þ. Serum TNFa and TNFa per kilogram fat mass were significantly greater in the patients (both P ¼ 0:001). In contrast, there was no significant difference between the groups with respect to serum insulin concentrations.
Serum leptin concentrations correlated positively with BMI (r ¼ 0:37, P ¼ 0:03) and kilogram fat mass (r ¼ 0:54, P ¼ 0:002) in the patients. There were also significant correlations between leptin and BMI (r ¼ 0:66, P ¼ 0:001) and leptin and kilogram fat mass (r ¼ 0:68, P ¼ 0:001) in the controls. In the patients, leptin per kilogram fat mass was positively correlated with insulin (r ¼ 0:40, P ¼ 0:03), but not with IGF-I or oestradiol ðP . 0:5Þ.
Serum TNF alpha concentration did not correlate with BMI, kilogram fat mass, serum leptin or serum insulin in the patient group (all P . 0:4).
Discussion
The present study examined the concentrations of the adipocyte-derived humoral factors, leptin and TNFa, in relation to body fat mass in hypopituitary women with GHD, compared with those of a control group with similar fat mass. In previous studies, leptin concen- trations have been shown to be increased in hypopituitary women with GHD compared with healthy controls (12) . However, this has been an inconsistent finding (29, 30) , possibly dependent on whether or not matching had been made for body fat. Thus, in the studies showing similar fat mass in GH-deficient women and controls, no significant difference in leptin has been observed (29, 30) , whereas an increased fat mass in GH-deficient patients has been associated with increased concentrations of leptin (12) . The present study revealed no significant difference in the circulating serum leptin concentrations between women with GHD and a control group with similar fat mass. However, the ratio leptin:kilogram fat, which served as a marker of adipocyte secretory function, was significantly greater in the patients than in controls. One possible explanation for the greater leptin:kilogram fat mass ratio in patients could be that they have a different distribution of fat compared with that in controls, as the WHR was increased in the hypopituitary women, indicating an increased abdominal fat mass. However, it is unlikely that the increase in leptin concentration per unit fat mass in the patients could be explained entirely by increased visceral fat, as it has previously been suggested that the subcutaneous fat, and not the visceral fat, depot is the major source of leptin (9) . A potential concern is that the state of hydration influences measurements by the BIA technique (31) , and it has previously been shown that the state of hydration is subnormal in GH-deficient patients (32) . However, our results are supported by a strong significant correlation between fat mass and leptin, which was of similar degree in controls and in patients, and also similar to that found in previous studies using dual energy X-ray absorptiometry (12, 29) . Differences between patients and controls with respect to other circulating hormones of importance for the leptin concentrations should also be considered. Oestrogen might be such a factor, as it seems to be a positive regulator of leptin (19) , although other studies have reported no independent association between oestrogens and leptin (33) . In the present study, however, it is unlikely that oestrogens contributed to the greater leptin concentration per kilogram fat in the patients, as oestrogen concentrations did not differ between patients and controls and the prevalence of postmenopausal sex hormone treatment was similar in the two groups. It should be mentioned that, because the majority of the patients of fertile age were receiving replacement therapy with oestrogen because of gonadotropin insufficiency, it was not possible to analyse separately those individuals not receiving such replacement treatment.
Another tentative factor explaining the greater leptin production in the patients is the GHD per se. The hypopituitary patients had a high probability of GHD, but none had received GH treatment. Thus 29 of the patients had a serum IGF-I concentration less than the normal range, which is strongly predictive of GHD in patients with pituitary disease (34) . The four patients with a normal serum IGF-I concentrations gave a pathological evoked GH response to an insulin tolerance test. A majority of the patients had received irradiation therapy, and had more than two pituitary hormone insufficiencies, which further increases the probability of GHD (35, 36) . GH has effects on adipose tissue and stimulates lipolysis (37) . Whether GH or IGF-I has direct regulatory abilities with respect to leptin production is, however, not yet established. Interestingly, in GHdeficient children it has been shown that the reduction in serum leptin concentrations after GH treatment occurs independently of changes in BMI (38) . Moreover, in hypophysectomized rats, IGF-I treatment suppressed leptin mRNA expression (39) , and in a study of GHdeficient patients, administration of IGF-I decreased serum leptin concentrations after only a few days of treatment (40) . We found, however, no significant association between IGF-I and leptin in our patients, although an association between biologically active IGF-I and leptin cannot be excluded, as free IGF-I was not measured. Thus further studies are needed to investigate the roles of GH and IGF-I in the regulation of leptin production.
Insulin is a positive regulator of leptin production in healthy individuals (17, 18) . In the present study, there was also a significant positive relationship between insulin and leptin concentration per kilogram fat in the hypopituitary GH-deficient patients, indicating an important regulatory role for insulin in leptin production in this patient group also. However, insulin concentrations were not different between the patients and the controls and it is therefore unlikely that insulin explains the differences in leptin concentrations per kilogram fat between the groups.
To examine whether another product from the adipocytes is similarly altered, which would point to a more generalised perturbation of adipocyte secretory function, we also analysed TNFa, which is secreted from adipocytes (20) . GH administration has been shown to have a modulating effect on the release of TNFa in children with GHD (41) . Moreover, TNFa has recently been found to be increased in hypopituitary adult patients with GHD and GH replacement partly reduced this increase (24) . We confirmed these findings because, in our study group also, serum concentrations of TNFa and TNFa per kilogram fat were greater in patients than in the controls. This is also supported by the previously mentioned study, which showed that the increase in TNFa might be related to increased monocyte production of the cytokine (24) . In the present study, there was no significant correlation between fat mass and TNFa. Therefore, although production of TNFa seems to be increased in hypopituitary patients, this may not be true for its production in adipocytes.
Although not proven to be mediating factors, both leptin and TNFa have been associated with atherosclerotic diseases (10, 23) . Specifically, leptin has been suggested to increase blood pressure by an increased sympathoadrenal activity (42, 43) , whereas TNFa has been believed to be involved in the pathogenesis of insulin resistance (22) . This might be of importance for hypopituitary patients with GHD, who have increased risk of cardiovascular disease (4 -6) . This study of a well-controlled group of hypopituitary patients with GHD has shown that, whereas the increased cardiovascular risk may be associated with TNFa, it is unlikely that leptin is involved.
